Larval stages and the megalopa of Pachycheles serratus are fully described and illustrated on the basis of laboratory-reared materials collected from Margarita Island, Venezuela. Complete development of P. serratus includes two zoeal stages and the megalopal (decapodid) stage, cultured at a water temperature of 258C and salinity of 37&. The first zoea lasts 5-6 days and the second lasts 8-10 days. A diagnostic character of the present species is the existence of a short mesial spine on the maxillular endopodite, unique among known zoeae of the genus Pachycheles. In addition, they can be distinguished from the first zoeae of P. laevidactylus and P. monilifer (western Atlantic congeners for which larval morphology is well-described) by size and ornamentation of the rostral spine, disposition of lateral spines on the abdominal somites, and setation of the maxilliped 3 in the second zoea. A comparative summary of zoeal morphology is provided for members of the genus Pachycheles.
the taxonomic status of Neopisosoma is discussed.
MATERIALS AND METHODS
Five ovigerous females of Pachycheles serratus were collected from rocky shores at El Tunal Beach (Northern Macanao Peninsula, Margarita Island, Venezuela), kept individually in the laboratory, and fed with frozen mysidaceans. Larvae were reared individually in 100 ml glass containers and fed with newly hatched nauplii of Artemia. Replacement of water, feeding, and recording of survival and molt were done daily. The cultures were maintained at 25 6 0.18C and 37 6 1& salinity.
Specimens of zoeae and megalopa were preserved in a 1:1 mixture of glycerol and 4% formaldehyde solution. Drawings were made with the aid of an Olympus U-IT120 camera lucida on an Olympus BMAX-50 compound microscope. Measurements were done with a calibrated ocular micrometer. At least five specimens of each zoeal stage and the megalopa were measured, dissected, and examined. Specimens of the remaining larvae and the spent females were deposited in the National Museum of Natural History, Smithsonian Institution, Washington, D.C., U.S.A. (USNM 1012941) .
The carapaces of zoeal and megalopal stages were measured in the standard way for Porcellanidae (Gore, 1973a; Hernández et al., 1998 Hernández et al., , 2000 . The arithmetic means of measured specimens and their standard deviations were estimated. The following abbreviations were used: CL ¼ carapace length; CW ¼ carapace width; RL ¼ rostral length; LPS ¼ length of posterior spines of the carapace. Distribution of chromatophores and coloration of the specimens were determined on live specimens. The terminology for the different types of setae followed Hernández et al. (1998 Hernández et al. ( , 2000 . Counts and setal formulae were determined from proximal to distal location on each segment. Dorsal setae on the endopodite of maxillipeds 1 and 2, and apical setae of the scaphognathite were designated with Roman numerals.
RESULTS

First Zoea
Size.-CL ¼ 1.38 6 0.06 mm, range 1.28-1.50 mm; RL ¼ 5.26 6 0.15 mm, range 4.83-5.48 mm; LPS ¼ 3.36 6 0.16 mm, range 2.80-3.65 mm. 20 specimens measured. 11 specimens examined. Duration 5-6 days.
Carapace (Fig. 1A-D ).-Typical porcellanid zoeal form. Two pairs of setulose setae anterodorsally, separated by a hump. Ventral margin serrate. Rostral spine 3.8 times longer than carapace; spinules only on ventral margin of proximal and mesial portions. Posterior spines 2.4 times longer than carapace, with blunt spinules ventrally. Eyes sessile.
Antennule (Fig. 1E ).-Uniramous, 3 subequal aesthetascs plus 3 setae (2 setulose, 1 simple).
Antenna (Fig. 1F ).-Endopodite fused to protopodite, with acute tip bearing 1 setulose seta subterminally. Exopodite 1.4 times longer than endopodite, tip acute, 3 spines in a row.
Mandibles (Fig. 1G ).-Asymmetrical. Right molar process with more teeth than left one. Palp absent.
Maxillule ( Fig. 2A ).-Coxal endite with 8 setae (4 setulodenticulate, 4 setulose). Basal endite with 9 setae (3 setulose, 6 denticulate). Endopodite with 1 short mesial spine (arrow in figure  2A ) and 4 setulose setae (1 subterminally and 3 terminally); microtrichia on inner and outer margins. Exopodite absent.
Maxilla (Fig. 2B ).-Coxal endite with 8 setae (3 setulodenticulate, remainder setulose) on proximal lobe, and 4 setae (1 denticulate, 1 setulodenticulate, 2 setulose) on distal lobe. Basal endite with 7 setae (2 setulodenticulate, remainder setulose) on proximal lobe, and 8 setae (3 setulodenticulate, remainder setulose) on distal lobe. Endopodite with 3þ2þ4 setulose setae. Scaphognathite with 6 or 7 setae marginally on anterior lobe plus I apical seta on posterior lobe (all setulose). Microtrichia marginally on basal endite and both rami.
Maxilliped 1 (Fig. 2C ).-Coxopodite with 2 setulose setae. Basipodite with 2þ2þ3þ3 setulose setae ventrally. Endopodite 4-segmented, with 3, 3, 6, 10-11þI setulose setae; microtrichia dorsally on segments 2-3. Exopodite partially bisegmented, with 4 setulose setae terminally.
Maxilliped 2 (Fig. 2D ).-Coxopodite unarmed. Basipodite with 1þ2 setulose setae ventrally. Endopodite 4-segmented with 2, 2, 1þ2, 6þI setulose setae; microtrichia on segments 2-3 dorsally. Exopodite partially bisegmented, with 4 setulose setae terminally.
Maxilliped 3 (Fig. 3A ).-Biramous, rudimentary, unarmed.
Pereiopods (Fig. 3B ).-Rudimentary buds.
Abdomen (Fig. 3C ).-Composed of 5 somites, fourth and fifth with posterolateral spines. Posterodorsal margin of somites unarmed.
Telson (Fig. 3D, E ).-As long as wide; with 7 pairs of processes posteriorly, symmetrically arranged; first process a spine; second a short setulose seta (''anomuran hair''); all major setae (processes 3-7) setuloserrate, only first and second pairs with curved serrations distally; Color.-Body almost translucent. Tips of both rostral and posterior spines orange. One pair of chromatophores on mandibular region; 1 chromatophore on each basipodite of maxillipeds 1 and 2; 1 chromatophore on each abdominal somite. All chromatophores orange-red. Eyes dark brown to black.
Second Zoea
Size.-CL ¼ 1.97 6 0.09 mm, range 1.88-2.08 mm; RL ¼ 6.71 6 0.13 mm, range 6.50-6.90 mm; LPS ¼ 3.80 6 0.33 mm, range 3.40-4.38 mm. 8 specimens measured. 6 specimens examined. Duration 8-10 days.
Carapace ( Fig. 1H-K ).-Anterodorsal setae as in first zoea. Ventral margins not serrate. Rostral spine 3.4 times longer than carapace, spinulation as in first zoea. Posterior spines 1.9 times longer than carapace, with blunt spines on ventral margin. Eyes now stalked.
Antennule (Fig. 1L ).-Protopodite with 2 short setulose setae on proximal third of outer margin; 4 setulose setae on the confluence of the rami. Endopodite unarmed. Exopodite twice as long as endopodite, with 4þ5þ3þ3þ2þ3 subequal aesthetascs, plus 3 setulose setae terminally.
Antenna (Fig. 1M ).-Endopodite now 1.5 times longer than exopodite, with 1 setulose seta subterminally. Spines of exopodite replaced by shorter ones, visible only under high magnifications (i.e., 400-10003); tip of this ramus acute, with 1 simple seta plus 1 spine subterminally.
Mandibles (Fig. 1N ).-Asymmetrical. Gnathal surface with incisor and molar processes well developed. Palp present.
Maxillule (Fig. 2E ).-Coxal endite with 10 setae (3 setulose, 7 setulodenticulate). Basal endite with 10 setae (3 setulose, 7 denticulate). Endopodite with 1 short mesial spine (arrow in figure  2E ) on inner margin and 1þ3 setulose setae; microtrichia on its inner and outer margins.
Maxilla (Fig. 2F ).-Coxal endite with 10-11 setae (2 denticulate, 1 setulodenticulate, remainder setulose) on proximal lobe, and 6 setae (1 setulodenticulate, remainder setulose) on distal lobe. Basal endite with 10 setae (3 setulodenticulate, remainder setulose) on proximal lobe, and 11 setae (3 setulodenticulate, remainder setulose) on distal lobe. Endopodite with 3þ2þ4 setulose setae. Scaphognathite with 22 setulose setae. Microtrichia on basal endite and rami.
Maxilliped 1 (Fig. 2G ).-Coxopodite with 2 setulose setae. Basipodite with 2þ2þ3þ3 setulose setae ventrally. Endopodite 4-segmented, with 3þI, 3þI, 6þI, 11þI setulose setae. Exopodite partially bisegmented, with 14 setulose setae terminally.
Maxilliped 2 (Fig. 2H ).-Coxopodite unarmed. Basipodite with 1þ2 setulose setae ventrally. Endopodite 4-segmented, with 2þI, 2þI, 1þ2þI, 6þI setulose setae. Exopodite partially bisegmented, with 14 setulose setae terminally.
Maxilliped 3 (Fig. 3F ).-Biramous, more developed than in first zoea. Endopodite with traces of segmentation. Exopodite partially bisegmented, with 4 setulose setae (1 subterminal, 3 terminal).
Pereiopods (Fig. 3G ).-More developed than in first zoea, but undifferentiated.
Abdomen (Fig. 3H ).-Composed of 5 somites, posterodorsal margins of somites 1-4 smooth, somite 5 with spine-like projection posterolaterally. Pleopods on somites 2-5.
Telson (Fig. 3I ).-As broad as long; with 7 pairs of processes (spines and setae) posteriorly as in the first zoea, plus 1 additional setulose seta on central prominence. Dorsal surface with 4 pairs of short setulose setae. Anal spine present.
Color.-As in first zoea. Ocular peduncles metallic green.
Megalopa
Size.-CL ¼ 1.42 6 0.09 mm, range 1.25-1.50 mm; CW ¼ 1.35 6 0.14 mm, range 1.13-1.48 mm. 5 specimens measured. 5 specimens examined.
Carapace (Fig. 4A, B ).-Slightly longer than wide, subovate, convex longitudinally and transversely. Front produced, anterior margin with about 30 spines. Subhepatic and lateral margins spiny. Entire carapace covered with long setae. Ocular peduncle with simple palp-like projection plus 2 simple setae on anterior margin.
Antennule (Fig. 5A ).-Basal segment as long as wide, anterior margin with about 10 blunt spines, numerous simple or setulose setae as illustrated. Peduncle 3-segmented; segments 1 and 2 unarmed, third with 4 simple setae. Lower ramus 3-segmented, with 2, 4, 7 simple setae. Upper ramus 6-segmented; first segment unarmed; second with 4þ2 aesthetascs plus 1 simple seta, third with 4þ1 aesthetascs plus 1þ1 simple setae, fourth with 3þ2 aesthetascs plus 2þ2 simple setae; fifth with 3 aesthetascs plus 2þ3 simple setae; sixth with 2þ1 simple setae.
Antenna (Fig. 5B ).-Basal segment with lateral projection, and 3þ2þ1 simple setae and a single spine as illustrated. Peduncle 3-segmented, first segment with 9 setae (7 in a row) plus 1 spine; second with 4 simple setae and 3 spines; third with 4 setae. Flagellum with 29-31 segments; segments 1-3 unarmed, without apparent segmentation; segments 4 to penultimate with 2-6 simple setae, last segment with 1þ6 simple setae.
Mandibles (Fig. 5C ).-Scoop-shaped processes with thin blades; each with 3-segmented palp; first segment of palp with 2 setulose setae; second unarmed; third with 12 setulodenticulate setae.
Maxillule (Fig. 5D ).-Coxal endite with about 23 setae (11 setulodenticulate, 2 simple, remainder setulose); plus single long, setulose seta near base; elongated basal lobe fringed with microtrichia. Basal endite with about 32 setae (12 denticulate, remainder setulose). Endopodite with 1 simple seta subterminally, and small palp projections distally. Exopodite absent.
Maxilla (Fig. 5E ).-Coxal endite with 5 setae medially, 12 setulose setae in a ring around middle portion, plus 18-19 setae terminally (6 setulodenticulate, remainder setulose) on proximal lobe; 23 setulose setae on distal lobe. Basal endite with 20-21 setulose setae on proximal lobe and 47-49 setulose setae on distal lobe. Endopodite incompletely 2-segmented, with 4 setulose setae. Scaphognathite with 48-55 setulose setae around outer margin, dorsal flattened surface with 3 setae, plus 2 setae ventrally.
Maxilliped 1 (Fig. 6A, B ).-Coxopodite with 22 setulose setae. Basipodite with about 50 setulose setae. Endopodite naked, uncalcified. Exopodite 2-segmented; segment 1 with 1þ4 setulose setae; second with 2þ4 setulose setae.
Maxilliped 2 (Fig. 6C ).-Coxopodite with 6 setulose setae. Basipodite with 4 setulose setae. Endopodite 5-segmented; first segment with 8 setulose setae; second with 9 setulose setae; third with 6 setulose setae; fourth with 15 setae; and fifth with 15 setae. Exopodite 2-segmented; first segment with 1þ5 setulose setae; second with 9 setulose setae.
Maxilliped 3 (Fig. 6D, E ).-Coxopodite with 10 setae (1 spike-like, remainder setulose). Basipodite with 10 setulose setae. Endopodite 5-segmented; ischium with 22 setae (1 spike-like seta, 7 simple, remainder setulose); merus with 29 setulose setae (15 simple, remainder setulose); carpus with 28 setae (13 simple, remainder setulose); propodus with 22 setae (5 serrate, 4 simple, remainder setulose); dactylus with 19 setae (4 serrate, 2 simple, remainder setulose). Exopodite 2-segmented; proximal article with 4 setae (3 setulose, 1 simple); distal one with 1 spine-like projection terminally.
Pereiopods (Fig. 4D-I ).-Chelipeds subequal, with numerous scattered setae and spines as illustrated; carpus with 11 unequal spines on flexor margin, plus 7 on extensor margin (distal 2 more prominent); propodus with about 35 spines on outer margin and 6 spines on inner margin; dactylus with about 15 spines on extensor margin. Pereiopods 2-4 with 1þ1þ2 and 1þ1þ1 stout setae on flexor margin of propodus and dactylus, respectively. Pereiopod 5 chelate, gape dentate, 7 serrate setae on propodus. (Figs. 4C, 6F-J ).-Now consisting of 6 somites, with numerous setae dorsally. Four pairs of biramous pleopods on somites 2 to 5. Formula of setae on exopodite and endopodite as follows: (14,1) (14,2) (13,2) (13,3); endopodite of pleopods each with 4 retinacula. Uropodal endopodite with 15 setulose setae, exopodite with 13 setulose setae.
Abdomen and Pleopods
Telson (Fig. 4I ).-With 10 setulose setae at each side of posterior margin. Ventral surface with about 12 setae.
Color.-Not examined.
DISCUSSION
Zoeal stages of Pachycheles serratus fit in the Petrolisthes-group of larvae (Lebour, 1943) , which also includes species of the genera Petrolisthes, Megalobrachium, Neopisosoma, Clastotoechus, and Allopetrolisthes. Typical of the first zoea in this group, the fifth pair of setuloserrate setae of the telson is located on the central prominence and mandibles lack palps, while in the second zoea, an additional median setulose seta is present on the central telsonal prominence and the mandibles possess a palp.
Both zoeal stages of Pachycheles serratus are unique within the genus because of the presence of one short mesial spine on the endopodite of the maxillule. This character is present in some species of other genera within the family (e.g., Allopetrolisthes, Clastotoechus, Megalobrachium, and Petrolisthes), and can be considered a plesiomorphic character (see Gore, 1971a , for M. poeyi (Guérin, 1855 and M. pacificum Gore and Abele, 1973; Gore, 1971b , for P. tridentatus Stimpson, 1858 Gore, 1973b, Fig. 6 . Pachycheles serratus. Megalopa: maxilliped 1 (A), details of apex of its endopodite (B); maxilliped 2 (C); maxilliped 3 (D), details of apex of its exopodite (E); pleopods 1-4 (F-I), retinacula of pleopod 4 (J). 300 for M. soriatum (Say, 1818) ; Pellegrini and Gamba, 1985, for P. tonsorius Haig, 1960; Werding, 1990, for P. magdalenensis Werding, 1978; Osawa, 1995 (Rathbun, 1900) ; and G. Hernández, unpublished data, for C. nodosus (Streets, 1872) and P. armatus (Gibbes, 1850)). It is probable that this small spine has been overlooked in yet other larval descriptions for porcellanids.
In addition to the aforementioned character, first zoea of Pachycheles serratus can be distinguished from those of P. laevidactylus and P. monilifer (western Atlantic congeners for which larval morphology is known) by means of the size and ornamentation of the rostral spine and the presence of posterolateral spines on abdominal somites 4 and 5. In the second zoea, they can be distinguished by having 1þ3 setae on the exopodite of the maxilliped 3 (Tables 1 and 2) .
In previous studies, characterizations of the larvae of the genus Pachycheles have been provided (Gore, 1973a; Konishi, 1987) . Even though inconsistencies exist among the descriptions of larval morphology for some species of the genus (see Sankolli (1967) , Shenoy and Sankolli (1973) , and Yaqoob (1979) for P. natalensis; MacMillan (1972), and Gonor and Gonor (1973) for P. pubescens; Knight (1966) , and Gonor and Gonor (1973) for P. rudis; and Kurata (1964) , and Konishi (1987) for P. stevensii), the following morphological features are useful to characterize the first and second zoeae, including those of P. serratus:
First Zoea (Table 1 ).-(a) antennal exopodite with 3 or 4 spines in a row or with 3 spines in a row plus another one in other plane (in both cases the spines are evident with median magnification-i.e., 2003); (b) endopodite of maxillule with 3 or 4 setae (plus 1 short mesial spine in P. serratus); (c) endopodite of maxilla with 8 or 9 setae; (d) scaphognathite with 6 or 7 setae marginally on anterior lobe (5 or 6 in P. garciaensis, 8 in P. natalensis), plus 1 robust seta apically on posterior lobe; (e) coxopodite of maxilliped 1 with 2 setae (these setae lacking or probably overlooked in P. garciaensis and P. sculptus); (f) coxopodite of the maxilliped 2 unarmed; (g) basipodite of maxilliped 2 with 1þ2 setae (1þ0 in P. garciaensis; 1þ1 in P. laevidactylus); (h) only first and second pairs of major setae of telson with curved serrations distally.
Second Zoea (Table 2 ).-(a) antenna with at least 1 seta on endopodite (P. stevensii without seta, but with 1 spine); (b) the spines of the antennal exopodite are visible only under high magnifications (i.e., 400-10003) or absent; (c) length of antennal endopodite is 1.3 to 1.5 length of exopodite (1.75 in P. stevensii); (d) maxillule with 8-12 setae on coxal and basal endites, endopodite with 4 setae (plus 1 short mesial spine in P. serratus); (e) maxilla with 3þ2þ4 setae on the endopodite (2þ6 setae in P. laevidactylus); (f) maxilliped 1 with 2 setae on the coxopodite; basipodite with setal formula 2þ2þ2-3þ3; exopodite with 14 setae (13 in P. natalensis and P. stevensii); (g) maxilliped 2 with unarmed coxopodite, basipodite with 1þ2 setae, segment 3 of the endopodite with 1þ2 setae; exopodite with 14 setae (13 in P. natalensis and P. stevensii); (h) only the first and second major setae of the telson with curved serrations distally.
The zoeal stages of Neopisosoma angustifrons (Benedict, 1901) are very similar to those of the species of Pachycheles. Gore (1977) stated that the position of the distal spines on the antennal exopodite could be useful for separating the first zoea of these two genera. Neopisosoma angustifrons exhibits two spines in a row and another one in another plane, while Pachycheles typically exhibits 3 or 4 in a row. Only P. stevensii and P. hetwigi exhibit three spines in a row plus another one in another plane (Konishi, 1987; Ko, 1999) , an additional pattern for the larvae of the genus which does not invalidate the proposal made by Gore (1977) . The first zoea of P. serratus exhibits the same antennal arrangement of most species of the genus (i.e., 3 spines in a row).
Larvae of Neopisosoma neglectum Werding, 1986 (as described by Werding and Müller, 1990) are different from those of N. angustifrons and species of Pachycheles in several respects. The most noticeable differences are the presence of only one spine on the exopodite of the antenna of the first zoea and one seta on the antennal exopodite of the second zoea; the lack of setae or spines on the antennal endopodite in both zoeae; a lower number of setae on the exopodites of maxillipeds 1 (8-9 setae) and 2 (10 setae) in the second zoea; and the presence of curved serrations at the tips of all pairs of Gore, 1973 Boschi et al., 1967 Kurata, 1964 Konishi, 1987 Ko, 1999 Osawa, 1997 Osawa, 1997 Sankolli, 1967 Shenoy and Sankolli, 1973; Yaqoob, 1979 Tirmizi and Yaqoob, 1979 MacMillan, 1972 Gonor and Gonor, 1973 Knight, 1966; Gonor and Gonor, 1973 CARAPACE Length (CL) (Knight, 1966) Rostral spine 3.8 3 On major setae 1, 2
On major setae 1, 2
On major setae 1, 2 Gore, 1973 Boschi et al., 1967 Konishi, 1987 Yaqoob, 1979 Tirmizi and Yaqoob, 1979 MacMillan, 1972 Gonor and Gonor, 1973 Knight, 1966; Gonor and Gonor, 1973 CARAPACE Length (CL) (Knight, 1966) Ventral margin On major setae 1, 2
On major setae 1, 2 long setae of the telson in both zoeal stages (Table 3) . Partial sequences of the COI gene were used by Werding et al. (2001) to infer phylogenetic relationships between two species of the genus Neopisosoma, one species of Pachycheles, and seven other species of porcellanids representing three other genera. They found that the genus Neopisosoma was probably paraphyletic and concluded that the character used to establish this genus (the lack of epimeral fragments behind the frontal piece) should not be considered as a diagnostic character for separation of Neopisosoma from the genus Pachycheles. However, a limited number of taxa have been studied to date.
On the other hand, the zoeal stages of Neopisosoma neglectum and N. angustifrons share with Pachycheles garciaensis and P. sculptus the lack of setae on the coxopodite of maxilliped 1 (Osawa, 1997) ; thus, this character alone cannot be used to distinguish these genera. The status of Neopisosoma as a genus has been questioned since Haig (1960) established it. In order to more fully address this issue and further elucidate relationships among the species in the genus Pachycheles, it will be necessary to include more species of both genera in molecular studies, and to undertake reexamination of the adult and larval morphologies on a worldwide basis.
